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ELECTRO-OPTIC DEVICE, METHOD FOR MANUFACTURING THE SAME. AND 

ELECTRONIC APPARATUS 

BACKGROUND OF THE INVENTION 
[0001] Technical Field 

[0002] The present invention relates to an electro-optic device, a 
method for manufacturing the same, and an electronic apparatus, and particularly, 
it relates to a structure of an electro-optic device suitable as a display device 
comprising a light reflecting layer. 

[0003] Related Art 

[0004] A liquid crystal display device, which Is an electro-optic device, is 
widely used as display means provided on various electronic apparatuses. The 
liquid crystal display deyice has a basic cell structure in which a liquid crystal is 
sealed between a pair of substrates. A reflective liquid crystal display device 
partially using external light as display light is generally known as such a liquid 
crystal display device and conventionally mainly used for a portable electronic 
apparatus. In recent years, a transflective liquid crystal display device capable of 
a transmissive display using a black light in the dark and a reflective display using 
external light in lit areas has been provided in the market. 

[0005] In the reflective liquid crystal diisplay device or transflective liquid 
crystal display device, a reflecting layer is frequently provided on the back side 
(opposite to the observation side) of a liquid crystal in the basic cell structure. The 
reflecting layer generally comprises a metal thin film of aluminum or the like. In 
the transflective liquid crystal display device, the reflecting layer has an ajDerture 
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(window) provided for each pixel to transmit light emitted from the backlight 
through the apertures for transmissive display. In some cases, the reflecting layer 
is fornied as a reflecting electrode having the function of an electrode for applying 
an electric field to the liquid crystal, or a transparent electrode layer or the like is 
provided separately from the reflecting layer so that the reflecting layer has only a 
light reflecting function. 

[0006] However, a relatively small liquid crystal display device used for a 
cellular phone or the like has recently been required to display a color image and 
have higher definition, and thus the reflective or transflective liquid crystal display 
device has been required to make brighter reflective display. Therefore, as a 
material for the metal thin film used for forming the reflective layer, a silver alloy 
having higher reflectance than that of aluminum, such as an APC (Ag-Pd-Cu) alloy 
or the like, has recently been used. The silver alloy has low electric resistance, 
and is thus used as a material for electrodes and wirings. However, the ARC alloy 
generally has low water resistance and thus has a problem in which metal is 
dissolved from a patterned thin film comprising the APC alloy due to ionization by 
contact with hot water in the manufacturing process, and electromigration or 
electric corrosion occurs due to an applied voltage. 

[0007] Also, the silver alloy generally has low adhesion to glass 
substrates and thus has a difficulty in forming the reflecting layer directly on the 
substrate. In this way, the use of a single APC alloy causes various problems. 
Therefore, a method for providing a laminated structure comprising the reflecting 
layer and an ITO (Indium Tin Oxide) layer provided above or below the reflecting 
layer has been proposed for preventing these problems. 
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[0008] When only an alignment film is disposed between the silver alloy 
and the liquid crystal, the above-described conventional liquid crystal display 
device is known to have a problem in which a polarity deviation occurs due to a 
difference in material from a counter transparent electrode, and the silver alloy Is 
dissolved in the liquid crystal. Therefore, it is conceivable that a method 
comprising laminating a thin film of a conductive metal oxide such as ITO or the 
like on a silver alloy film to provide a laminated structure is used. However, this 
method has the problem of easily producing a shape abnormality such as a hillock 
due to the stress applied from an upper layer and a heating process for forming 
the upper layer. Therefore, when the silver alloy film is used for an electrode and 
wiring, an electrical short circuit easily occurs due to the shape abnormality, 
thereby deteriorating electrical reliability and the yield of the manufacturing line. 

[0009] Particularly, in forming a sectional structure in which a silver alloy 
film is held between upper and lower ITO films, the thickness of the upper ITO film 
provided above the silver alloy film must be significantly increased for completely 
covering the side surface of the step formed by the thickness of the silver alloy 
film. Therefore, the internal stress of the upper ITO film is increased, and thermal 
stress of heating also occurs due to a difference between the thermal expansion 
coefficients of the silver alloy film and the ITO film, thereby causing the problem of 
further increasing the stress concentration in the silver alloy film. The internal 
stress and thermal stress are thought to be a main cause of the shape 
abnormality such as a hillock or the like in the silver alloy film. 

[0010] The present invention has been provided for solving the above 
problems, and an object of the present invention is to provide an electro-optic 
device comprising a reflecting layer composed of silver only or a silver alloy and 
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having a structure capable of decreasing the occurrence of a shape abnormaiity 
such as a hillock or the like in the reflecting layer. 

Summary 

[0011] In order to achieve the object, an electro-optic device of the 
present invention comprises an electro-optic material disposed between a pair of 
substrates, and a means for applying an electric field to the. electro-optic material, 
comprising: an underlying conductive layer composed of a conductive metal 
oxide, a reflective conductive layer composed of silver or a silver alloy, and a 
transparent conductive layer composed of a transparent conductor are laminated . 
on one of the substrates, and wherein the transparent conductive layer is thinner 
than the underlying conductive layer. 

[0012] In the present invention, the laminated structure comprising the ' 
underlying conductive layer, the reflective conductive layer, and the transparent 
conductive layer is provided on one of the substrates, and the transparent 
conductive layer provided on the reflective conductive layer is formed to be thinner 
than the underlying conductive layer. Therefore, a stress load applied from the 
transparent conductive layer to the reflective conductive layer can be decreased, 
thereby suppressing the occurrence of a shape abnormality such as a hillock or 
the like in the reflective conductive layer Therefore, the electrical reliability of the 
electro-optic device can be improved, and product yield can also be improved. 
Also, since the underlying conductive layer is thicker than the transparent 
conductive layer, the electrical conductivity can be secured by the underlying 
conductive layer even when the transparent conductive layer becomes thin as 
described above. As a result, an increase in electric resistance of an electrode 
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and wiring formed in the above-described laminated structure can be suppressed 
or decreased. 

[0013] Since the reflective conductive layer is composed of silver or a 
silver alloy, both high reflectance and low electric resistance can be provided. In 
this case, the underlying conductive layer, which Is thicker than the transparent 
conductive layer, and the reflective conductive layer, which has low electric 
resistance; are laminated, and thus the electric resistance of an electrode and 
wiring can be further decreased. Thus, an electro-optic device having good 
electrical characteristics can be manufactured. Furthermore, the transparent 
conductive layer is formed on the reflective conductive layer, and thus the 
migration of silver or a silver alloy can be suppressed, maintaining a smooth 
reflecting surface and further improving electrical reliability. 

[001,4] An electro-optic device of the present invention comprises an 
electro-optic material disposed between a pair of substrates, and a means for 
applying an electric field to the electro-optic material, comprising: a material- 
sealed region where the electro-optic material is sealed; in a material-sealed 
region, a reflecting electrode having a laminated structure comprising an 
underlying conductive layer composed of a conductive metal oxide, a reflective 
conductive layer composed of silver or a silver alloy, and a transparent conductive 
layei^ composed of a transparent conductor is formed on one of the substrates: 
and external wiring comprising the underlying conductive layer or comprising the 
underlying conductive layer and the transparent conductive layer of the laminated 
structure, is provided outside the material-sealed region to be conductively 
connected to the reflecting electrode, wherein the transparent conductive layer is 
thinner than the underlying conductive layer. 
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[0015] In the electro-optic device, the reflecting electrode comprising the 
laminate of the underlying conductive layer, the reflective conductive layer, and 
the transparent conductive layer is provided in the material-sealed region. On the 
other hand, the external wiring comprising the underlying conductive layer or 
comprising the underlying conductive layer and the transparent conductive layer 
of the laminated structure, is provided outside the material-seajed region. 
Therefore, even when the transparent conductive layer for covering the reflective 
conductive layer is thin, corrosion and electric corrosion of the silver or silver alloy 
of the reflective conductive layer can be prevented. 

[0016] Like the reflecting electrodes, internal wiring having the 
laminated structure comprising the underlying conductive layer, the reflective 
conductive layer, and the transparent conductive layer is preferably provided in 
the material-sealed region. Therefore, wiring resistance in the material-sealed 
region can be decreased. 

[0017] In the present invention, the transparent conductive layer 
preferably has a thickness of 5 nm to 30 nm. With the transparent conductive 
layer having a thickness of 5 nm or more, the surface of the reflective conductive 
layer can be prevented from being partially exposed from the transparent 
conductive layer even in the use of a practical manufacturing process. Also, with 
the transparent conductive layer having a thickness of 30 nm or less, a stress load, 
applied to the reflective conductive layer from the transparent conductive layer 
can be decreased to prevent a shape abnormality such as a hillock or the like in 
the reflective conductive layer. 

[0018] A method for manufacturing an electro-optic device comprising 
an electro-optic material disposed between a pair of substrates, and a means for 
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applying an electric field to the electro-optic material of the present invention 
comprises the steps of forming an underlying conductive layer composed of a 
conductive metal oxide on one of the substrates, selectively forming a reflective 
conductive layer composed of silver or a silver alloy on the underlying conductive 
layer,, and forming a ti^ansparent conductive layer composed of a transparent 
conductor and thinner than the underlying conductive layer on the underlying 
conductive layer and the reflective conductive layer. 

[0019] In the present invention, the reflective conductive layer is formed 
on the underlying conductive layer to improve the adhesion of the reflective 
conductive layer, and the electric resistance of an electrode and wiring can be 
decreased by the laminated structure. Also, the transparent conductive layer is 
formed on the reflective conductive layer, and thus a decrease in reflectance of 
the reflective conductive layer and a . decrease in electrical reliability due to 
migration or the like can be suppressed. Furthermore, the transparent conductive 
layer is thinner than the underlying conductive layer, and thus a stress load 
applied to the reflective conductive layer from the transparent conductive layer 
can be decreased to prevent a shape abnormality such as a hillock or the like In 
the reflective conductive layer. On the other hand, the underlying conductive layer 
is thicker than the transparent conductive layer, and thus electric conductivity can 
be secured by the underlying conductive layer even when the transparent 
conductive layer is thin as described above. Therefore, an increase in electric 
resistance of an electrode and wiring can be suppressed or decreased by using 
the laminated structure. 

[0020] A method for manufacturing an electro-optic device comprising 
an electro-optic material disposed between a pair of substrates, and a means for 
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applying an electric field to the electro-optic material of the present invention 
comprises the steps of forming an underlying conductive layer composed of a 
conductive metal oxide on one of the substrates, selectively forming a reflective 
conductive layer composed of silver or a silver alloy on the underlying conductive 
layer only in a first region corresponding to a material^sealed region in which the 
electro-optic material is sealed, forming a transparent conductive layer composed 
of a transparent conductor thinner than the underlying conductive layer on the 
reflective conductive layer and the underlying conductive layer within the first 
region, and on the underlying conductive layer in a second region out of the 
material-sealed region, and simultaneously patterning the underlying conductive 
layer and the transparent conductive layer. 

[0021] In the present invention, the laminated structure comprising the 
underlying, conductive layer, the reflective conductive layer, and the transparent 
conductive layer is formed in the first region corresponding to the material-sealed 
region, and the laminated structure comprising the underlying conductive layer 
and the transparent conductive layer is formed in the second region outside the 
material-sealed region. The underlying conductive layer and the transparent 
conductive layer are simultaneously patterned to decrease the number of the 
steps for manufacturing the electro-optic device. 

[0022] In the present invention, the transparent conductive layer 
preferably has a thickness of 5 nm to 30 nm. With the transparent conductive 
layer having a thickness of 5 nm or more, the surface of the reflective conductive 
layer can be prevented from being partially exposed from the transparent 
conductive layer even in the use of a practical manufacturing process. Also, with 
the transparent conductive layer having a thickness of 30 nm or less, a stress load 
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applied to the reflective conductive layer from the transparent conductive layer 
can be decreased to prevent a shape abnormality such as a hillock or the like in 
the reflective conductive layer. 

[0023] An electronic apparatus of the present invention comprises any 
one of the above-described electro-optic devices, and a control means for 
controlling the electro-optic device. The electronic apparatus is preferably used 
for a portable electronic apparatus which is frequently used outdoors and which 
has a limitation of a power capacity because the electronic apparatus comprises 
the electro-optic device used as a reflective electro-optic device or transflective 
electro-optic device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Figure 1 is a schematic perspective view showing the whole 
configuration of a liquid crystal display device as an electro-optic device according 
to an embodiment of the present invention. 

[0025] Figure 2 is a schematic sectional view schematically showing a 
sectional structure of the liquid crystal display device shown in Figure 1 . 

[0026] Figure 3 is a plan view schematically showing a planar structure 
of the liquid crystal display device shown in Figure 1 . 

[0027] Figures 4(a), (b), and (c) ai^e schematic partial sectional views 
respectively showing structures on a substrate of a rear base member of the liquid 
crystal display device shown in Figure 1 . 

[0028] Figures 5(a) to 5(d) are sectional views respectively showing 
steps for manufacturing a structure on the substrate of the rear base member of 
the liquid crystal display device shown in Figure 1. 
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[0029] Figure 6(a) is a schematic partial sectional view showing the 
structure on the substrate of the rear base member of the liquid crystal display 
device shown in Figure 1, and Figure 6(b) is a schematic partial sectional view 
showing a structure of a comparative example. 

. [0030] Figure 7 is a graph showing the relation between the internal 
stress and thickness of a transparent conductive layer. 

[0031] Figure 8 is a block diagram showing the configuration oif a 
display control system of an electronic apparatus comprising a liquid crystal 
display device. 

[0032] Figure 9 is a schematic perspective view showing the outline of a 
cellular phone as an example of electronic apparatuses. 

DETAILED DESCRIPTION 
[0033] An electro-optic device, a method for producing the same, and 
an electronic apparatus according to embodiments of the present invention will be 
described below with reference to the drawings. 

[0034] Structure of a liquid crystal display device 

[0035] First, the structure of a liquid crystal display device 200 is 
described with reference to Figures 1 to 3. Figure 1 is a schematic perspective 
view of the liquid crystal display device 200 used as an electro-optic device 
according to an embodiment of the present invention, Figure 2 is a schematic 
sectional view schematically showing the sectional structure of the liquid crystal 
display device 200, and Figure 3 is a plan view schematically showing the planar 
structure of the liquid crystal display device 200. 
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[0036] The liquid crystal display device 200 comprises a rear base 
member 210 including a substrate 211 composed of glass such as alkali-less 
glass, plastic, or the like, and electrodes and wirings formed on the inner surface 
of the substrate 211, and a front base member 220 including the same substrate 
221 as the substrate 211 and electrodes and wirings formed on the inner surface 
of the substrate 221, both base members 210 and 220 being bonded together 
with a sealing material 230. Also, a liquid crystal 232 serving as an electro-optic 
material is sealed inside the sealing material 230 to form a basic cell structure. 

[0037] In the display region A shown in Figure 1, a plurality of reflecting 
electrodes 212 each having the structure described below is formed on the 
substrate 211, and a plurality of internal wirings 218a formed integrally with the 
reflecting electrodes 212 is formed in a liquid crystal-sealed region sealed with the 
sealing material 230 to be conductively connected to the reflecting electrodes 212. 
Both the reflecting electrodes 212 and the internal wirings 218a have a strip shape 
and are arranged in a stripe pattern. 

[0038] The rear base member 210 including the substrate 211 has a 
substrate projection 21 OT projecting outward from the outline of the front base 
member 220 including the substrate 221. Also, external wirings 218b are formed 
on the substrate projection 21 OT to be conductively connected to the internal 
wirings 218a, and also external wrings 218c are formed on the substrate 
projection 21 OT to be drawn from the sealing material 230. 

[0039] In the region A shown in Figure 1, a plurality of transparent 
electrodes 222 each composed of a transparent conductor such as ITO or the like 
is formed on the substrate 221 . The transparent electrodes 222 each have a strip 
shape and are arranged to have a stripe pattern. The transparent electrodes 222 
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are extended from the display region A and conductively connected to respective 
internal wirings 228. The internal wirings 228 are conductively connected to the 
respective external wirings 218c through vertical conductive portions 230x (refer 
to Figure 3) each comprising a part of the sealing material 230. 

[0040] Furthermore, a semiconductor IC chip 261 is mounted on the 
substrate projection 21 OT. The external wirings 218b and 218c drawn to the 
substrate projection 210T are conductively connected to chip terminals, which are 
not shown in the drawing, of the semiconductor IC chip 261. The semiconductor 
IC chip 261 comprises, for example, a liquid crystal driving circuit formed therein. 
The semiconductor IC chip 261 is also conductively connected to input terminals 
219 provided on the substrate projection 21 OT. The flexible wiring substrate 263 
shown by an alternate long and short dash line in Figure 1 is mounted on the input 
terminals 219. 

[0041] In forming a liquid crystal display device capable of color display, 
a color filter comprising a colored layer 223 and a protective film 224 for covering 
the colored layer 223 is formed on the inner surface of the substrate 221. as 
shown in Figure 2. The colored layer 223 comprises a transparent organic resin 
containing a pigment or dye. According to demand, a light shielding layer 223BM 
comprising a black resin or the like is provided between respective pixels 200P 
(refer to Figure 2) described below. The protective film 224 is made of a. 
transparent material such as an acrylic resin or the like. The transparent 
electrodes 222 are formed on the color filter. 

[0042] Furthermore, alignment films 216 and 226 each made of a 
polyimide resin are formed on the surfaces of the rear base rriember 210 and the 
front base member 220, respectively. These alignment films 216 and 226 are 
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subjected to an orientation treatment such as rubbing or the like to impart the 
orientation ability to determine the initial orientation state of the liquid crystal. As 
shown in Figure 3, the reflecting electrodes 212 are perpendicular to the 
transparent electrodes 222 in a plane to form the pixel 200P shown in Figure 2 in 
each of the overlaps between both electrodes. 

[0043] Next, the construction details of the liquid crystal display device 
200 will be described below. As shown in Figure 4(a), the reflecting electrodes 
212 are formed on the inner surface of the substrate 211, each reflecting 
conductive electrode 212 having a laminate of an underlying conductive layer 
212A composed of a conductive metal oxide such as ITO or the like, a reflective 
conductive layer 21 2B composed of silver or a sijver alloy and formed on the 
underlying conductive layer 212A, and a transparent conductive layer 212C 
composed of a transparent conductor such as ITO or the like and formed on the 
reflective . conductive layer 21 2B. 

[0044] The underlying conductive layer 212A is provided for improving 
adhesion between the reflective conductive layer 21 2B and the substrate 211 and 
decreasing the sheet resistivity of each reflecting electrode 212. In order to 
achieve this result, the thickness of the underlying conductive layer 21 2A is 
preferably about ICQ nm to 200 nm, and particularly about 150 nm. 

[0045] The reflective conductive layer 2128 can be composed of silver 
only or any one of various alloys mainly composed of silver. Although the APC 
alloy is particularly preferred, preferred examples of such an alloy include an alloy 
composed of about 98% by weight of silver (Ag), and adding platinum (Pt) and 
copper (Cu); an alloy composed of about 98% by weight of silver (Ag), and adding 
copper (Cu) and gold (Au); an alloy composed of about 98% by weight of silver 
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(Ag), and adding ruthenium (Ru) and copper (Cu), and the like. The thickness of 
the reflective conductive layer 21 2B is preferably about 150 nm to 250 nm, 
particularly about 200 nm, depending upon the electric resistivity of the alloy used. 

[0046] The transparent conductive layer 21 2C is formed to cover the 
whole surface of the reflective conductive layer 221 B. In the embodiment shown 
in the drawings, the underlying conductive layer 21 2A is formed over a range 
slightly wider than the reflective conductive layer 2128, and the transparent 
conductive layer 21 2C is also formed on the portions of the surface of the 
underlying conductive layer 21 2A, which are not covered with the reflective 
conductive layer 2128. The transparent conductive layer 212C may havie a 
certain degree of transparency, and sufficient conductivity for use as an electrode 
for the electro-optic material (liquid crystal). Therefore, the transparent conductivie 
layer 21 2C is generally composed of a conductive metal oxide having light 
transparency. Particularly, the transparent conductive layer 21 2C is preferably 
composed of ITO. 

[0047] The thickness of the transparent conductive layer 21 2C is in the 
range of about 5 nm to 30 nm. With a thickness of less than 5 nm, the transparent 
conductive layer 212C cannot be easily formed over the entire surface of the 
reflective conductive layer 2128 without defects, thereby easily producing an 
exposed region in the reflective conductive layer 2128, which is not covered with 
the transparent conductive layer 21 2C. In this case, migration easily occurs due 
to heating or the like in the manufacturing process, and thus the surface of the 
reflective conductive layer 2128 is roughened to decrease reflectance. Therefore, 
the surface of the reflective conductive layer 2128 cannot be protected by the 
transparent conductive layer 21 2C to easily cause corrosion or electric corrosion. 
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Also, the reflective conductive layer 21 2B is partially exposed to cause a problem 
in which a deviation in polarity occurs due to a difference in material from the 
counter transparent electrode 222 during driving of the liquid crystal, and the 
material of the reflective conductive layer 21 2B is dissolved in the liquid crystal. 

[0048] . On the other hand, with a thickness over 30 nm. the internal 
stress of the transparent conductive layer 21 2C increases, and thermal stress 
applied to the reflective conductive layer 21 2B from the transparent conductive 
layer 212C is increased due to a heating temperature, thereby easily causing 
stress concentration at the edge of the reflective conductive layer 21 28. Thus, a 
shape abnormality such as a hillock or the like easily occurs, to deteriorate 
electrical reliability. 

[0049] As shown in Figure 4(b), each of the internal wirings 218a 
disposed inside the sealing material 230 comprises the same laminated structure 

r 

as the reflecting electrodes 212. Namely, the laminated structure comprises an 
underlying conductive layer 21 8A composed of a conductive metal oxide such as 
ITO or the like, a reflective conductive layer 21 88 composed of silver or a silver 
alloy, and a transparent conductive layer 21 8C composed of a transparent 
conductor such as ITO or the like. The underlying conductive layer 218A and the 
underlying conductive layer 212A of each reflecting electrode 212 are integrally 
formed to the same thickness by using the same material at the same time. The 
reflective conductive layer 2188 and the reflective conductive layer 2128 of each 
reflecting electrode 212 are integrally formed to the same thickness by using the 
same material at the same time. The transparent conductive layer 2180 and the 
transparent conductivie layer 2120 of each reflecting electrode 212 are integrally 
formed to the same thickness by using the same material at the same time. 
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[0050] Furthermore, as shown in Figure 2, a protective film 215 
composed of a transparent insulator, for example, an inorganic compound such as 
Ti02, Si02, or the like, or a transparent organic resin such as an acrylic resin or 
the like is formed on the reflecting electrodes 212 and the internal wirings 218a. 
The protective film 215 is provided for protecting the reflecting electrodes 212 and 
preventing an electric short circuit between the reflecting electrodes 212 and the 
transparent electrodes 222 through a foreign material entering between the rear 
base member 210 and the front base member 220. 

[0051] The reflecting electrodes 212 ,and the internal wirings 218a 
formed on the substrate 211 shown in Figures 4(a) and 4(b), respectively, are 
formed over the region X shown in Figure 3. Namely, the tree-layer structure 
comprising the underlying conductive layer, the reflective conductive layer, and the 
transparent conductive layer is formed only in the liquid crystal-sealed region 
inside the sealing material 230, In other words, the reflective conductive layers 
21 2B and 21 8B are formed only in the liquid crystal-sealed region. 

[0052] On the other hand, the external wirings 218b and 218c, and the 
input terminals 219 are formed outside the liquid crystal-sealed region. However, 
as shown in Figure 4(c), each of these external wirings comprises only the 
underlying conductive layer 21 8A and the transparent conductive layer 21 8C. 
Namely, the reflective conductive layer 21 8B provided in each internal wiring.218a 
is not formed in each of the external wirings 218b and 218c disposed outside the 
liquid crystal-sealed region. The liquid crystal-sealed region is generally closed 
with the sealing material 230. However, in some cases, the substrate projection 
21 OT is finally molded with a silicone resin or the like outside the liquid crystal- 
sealed region, and the region outside the liquid crystal-sealed region is easily 
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exposed to external contamination, as compared with the. liquid crystal-sealed 
region. Since the reflective conductive layer 21 8B is not provided in each of the 
external wirings 218b and 218c and the input terminals 219, corrosion and electric . 
corrosion of the reflective conductive layer 21 8B can bie prevented. Particularly, in 
this embodiment, the transparent conductive layers 21 2C and 21 8C formed on the 
reflective conductive layers 21 2B and 2188, respectively, are thin, as described 
above, and thus the reflective conductive layer of the laminated structure itself has 
lower corrosion resistance. Therefore, each of the external wirings disposed 
outside the liquid crystal-sealed region has the structure (i.e., the structure shown 
in Figure 4(c)) not containing the reflective conductive layer, as described above, 
and thus the corrosion resistance of the whole electro-optic device can be 
effectively improved. 

[0053] Method for manufacturing a liquid crystal display device 
[0054] Next, the method for manufacturing the liquid crystal display 
device 200 as an electro-optic device according to an embodiment of the present 
invention will be described. First, the step of forming the reflecting electrodes 212, 
the internal wirings 218a, . the external wirings 218b and 218c, and the input 
terminals 219 on the substrate 211 in the process for manufacturing the rear base 
member 210 will be described with reference to Figure 5. Figure 5 shows only a 
portion in which the reflecting electrodes 212 are formed. 

[0055] First, as shown in Figure 5(a), the underlying conductive layer. 
21 2A (21 8A) composed of ITO Is formed on the surface of the substrate 211 by 
sputtering. As described above, the thickness of the underlying conductive layer 
21 2A (21 8A) is, for example, 150 hm. After the underlying conductive layer 21 2A 
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(218A) is deposited on the substrate 211, annealing (or burning) is performed at 
an appropriate temperature (for example. 150 to 230'*C) according to demand. 

[0056] Next, as shown in Figure 5(b), a silver layer or silver alloy layer is 
deposited on the underlying conductive layer 21 2A (21 8A) by a sputtering 
process, an evaporation process, or the like to form the reflective conductive layer 
21 2B (21 8B). The thickness of the reflective conductive layer is. for example, 200 
nm. Then, as shown in Figure 5(c). the reflective conductive layer is patterned to 
selectively form portions constituting the respective reflecting electrodes 212 and 
internal wirings 218a. Namely, in the region X shown in Figure 3, the reflective 
conductive layer is removed from the substrate 211 leaving a pattern comprising a 
plurality of stripes constituting the respective reflecting electrodes 212 and inteirnal 
wirings 218a. Therefore, the reflective conductive layer remains only on a first 
region of the substrate 211 corresponding to the liquid crystal-sealed region. 

[0057] The reflective conductive layer 212B (218B) can iDe patterned by, 
for example, a known photolithography process using a photosensitive resist. 
Namely, the photosensitive resist is patterned by exposure and development to 
form a mask, and the reflective conductive layer is etched by using the mask. As 
the etchant used for etching, an etchant having a high etching rate for the 
reflective conductive layer and a low etching rate for the underlying conductive 
layer, i.e., high selectivity, is used. An example of such an etchant is a phosphoric 
acid-system mixed acid etchant. 

[0058] Next, as shown in Figure 5(d), the transparent conductive layer 
21 2C (21 8C) composed of ITO is formed on the patterned reflective conductive 
layer 21 2B (21 8B) and the exposed portions of the underlying conductive layer 
21 2A (21 8A). The transparent conductive layer 21 2C (21 8C) is preferably 
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deposited by the same sputtering method as that used for the underlying 
conductive layer, and then annealed (burned) at a predetermined temperature. 
The thickness of the transparent conductive layer is, for example, 10 nm. In the 
region in which the reflective conductive layer is absent, i.e., in a secohd region 
outside the first region corresponding to the liquid crystal-sealed, range, the 
transparent conductive layer 212C (21 8C) is formed directly on the underlying 
conductive layer 21 2A (21 8A). 

[0059] Next, the underlying conductive layer 21 2A (21 8A) and the 
transparent conductive layer 21 2C (21 8C) are patterned to form the reflecting 
electrodes 212, the internal wirings 218a, the external wirings 218b and 218c, and 
the input terminals 219. In the pattering step, excessive portions are 
simultaneously removed by using a predetermined mask. Namely, portions other 
than the reflecting electrodes 212, the internal wirings 218a, the external wirings 
218b and 218c, and the input terminals 219 are simultaneously removed from the 
substrate 211 . As the etchant, a strong acid such as aqua regia, or the like can be 
used. In this way, the underlying conductive layer and the transparent conductive 
layer are simultaneously patterned, thereby decreasing the number of 
manufacturing steps and the manufacturing cost. 

[0060] Characteristics of the laminated structure 

[0061] Next, the three-layer structure of each of the reflecting electrodes 
212 and the internal vyirings 218a will be described in detail below. In the three- 
layer structure, sheet resistivity necessary for the electrodes and wirings is 
realized by the underlying conductive layers 21 2A and 21 8A and the reflective 
conductive layers 21 2B and 21 8B, and the surfaces of the reflective conductive 
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layers 21 2B and 21 8B are covered with the transparent conductive layers 21 2C 
and 21 8C, respectively, to decrease the migration of silver or a silver alloy and 
mechanical damage. 

[0062] As shown in Figure 6(a), the uppermost transparent conductive 
layer 212C or 218C is thinner than the underlying conductive layer 212A (218A). 
This is because when a thick (for example, about 150 to 200 nm) transparent 
conductive layer 21 2C' (21 8C' not shown in the drawirig) is formed on the 
reflective conductive layer 21 2B (2188), as shown in Figure 6(b), the mechanical 
stress applied to the reflective conductive layer 21 28 (2188) from the transparent 
conductive layer 21 2C' (21 8C') due to the internal stress of the transparent 
conductive layer, and the thermal stress of heating (produced due to a difference 
between the thermal expansion coefficients of the reflective conductive layer and 
the transparent conductive layer) are increased to locally increase pressure or 
strain in a portion (for example, the edge) of the reflective conductive layer, 
thereby easily producing a shape abnormality such as a hillock or the like. The 
shape abnormality quite possibly increases the likelihood of an electric short 
circuit between the adjacent reflecting, electrodes 21 2 . and internal wirings 218a or 
between the reflecting electrodes 212 and the transparent electrodes 222 
opposing the reflecting electrodes 212 with the liquid crystal 132 provided 
therebetween. Therefore, the shape abnormality of the reflective conductive layer 
deteriorates the electrical reliability of the liquid crystal display device 200 and 
decreases yield. 

[0063] The thickness of each of the transparent conductive layers 21 2C 
and 21 8C is preferably in the range of 5 nm to 30 nm. With the transparent 
conductive layers 21 2C and 21 8C of less than 5 nm in thickness, the whole 
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surfaces of the reflective conductive layers 21 2B and 21 8B are not easily covered 
to possibly partially expose the surfaces of the reflective conductive layers. When 
the surfaces of the reflective conductive layers are partially exposed, the surfaces 
are roughened by nnigration or the like to quite possibly decrease reflectance and 
produce a shape abnornnality such as a hillock or the like. Therefore, a polarity 
deviation or dissolution of silver easily occurs during driving of the liquid crystal. 

, [0064] On the other hand, with the transparent conductive layers of over 
30 nm in thickness, the stress applied to the reflective conductive layers 21 2B and 
218B. from the transparent conductive layers 212C and 218C is increased to 
locally increase the internal strain of the reflective conductive layers, thereby 
increasing the probability that a shape abnormality such as a hillock or the like 
occurs. ^ 

[0065] For example, in the transparent conductive layers, as shown in 
Figure 7, the positive internal stress increases as the thickness increases to 
impair conformity with the reflecting conductive layers generally having negative 
internal stress, easily causing a shape abnormality such as a hillock or the like in 
the reflecting conductive layers. Figure 7 shows the relation between the 
thickness of the transparent conductive layers 21 2C and 21 8C and the internal 
stress (residual stress) thereof. Figure 7 shows that in the case of positive 
internal stress (the upper side of the figure), the layers have tensile residual stress 
resident therein, and in the case of negative internal stress (the lower side of the 
figure), the layers have compressive residual stress resident therein. In the 
thickness region of 30 nm or less, the tensile internal stress increases as the 
thickness decreases. However, even when the tensile internal stress increases, 
the transparent conductive layers produce less influence on the reflective 
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conductive layers because the reflective conductive layers also have tensile 
internal stress. Also, in this thickness region, the force applied to the reflective 
conductive layers does not increase because of the small thickness of the 
transparent conductive layers, causing less influence on the reflective conductive 
layers. When the thickness of the transparent conductive layers 121 C and 21 8C 
exceeds 30 nm, the compressive internal stress increases. The increase in the 
compressive stress of the transparent conductive layers has a function near the 
surfaces of the reflecting conductive layers to cause a shape abnormality such as 
a hillock or the like. 

. [0066] In this embodiment, when the thickness of the transparent 
conductive layers exceeds 30 nm, the probability of a shape abnormality in the 
reflecting conductive layers 21 2B and 21 8B gradually increases to cause an 
electrical defect in some cases. On the other hand, when the thickness of the 
transparent conductive layers is less than 5 nm, the film compactness becomes 
insufficient, and thus a decrease in reflectance, electric corrosion or the like 
occurs due to migration; 

[0067] As described above, in this embodiment, only the transparent 
conductive thin layers 21 2C and 21 8C are formed on the reflective conductive 
layers 21 2B and 2188. respectively, and thus the thickness of each of the 
underlying conductive layers 212A and 218A and the reflective conductive layers 
2128 and 2188 should be secured for sufficiently decreasing the electric 
resistance of electrodes and wirings. In this embodiment, the total thickness of 
both layers should be at least about 150 nnri. / 

[0068] However, in this embodiment, each of the external wirings 218b 
and 218c and the input terminals 219 mainly comprises the underlying conductive 
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layer 21 8A, and thus the thickness of each of the underlying conductive layers 
212A and 218A should be set to have a sheet resistivity sufficient to form wiring by 
using a single layer. Therefore, in order to sufficiently decrease the electric 
resistance of the external wirings or the like, each of the underlying , conductive 
layers 21 2A and 21 8A preferably individually has a thickness of 120 nm or nnore. 

[0069] Electronic apparatus 

[0070] Finally, an electronic apparatus according to an embodiment of 
the present invention will be described with reference to Figures 8 and 9. In this 
embodiment, the liquid crystal panel 200 of the above-described electro-optic 
device is used as a display means of the electronic apparatus. Figure 8. is a 
schematic block diagram showing the whole configuration of a control system 
(display control system) for the liquid crystal panel 200 in the electronic apparatus 
of this embodiment. The electronic apparatus comprises a display control circuit 
290 including a display information output source 291, a display information 
processing circuit 292, a power supply circuit 293, and a timing generator 294. 

[0071] The liquid crystal panel 200 comprises a driving circuit 261 
(corresponding to a liquid crystal driving circuit comprising a semiconductor IC 
chip mounted directly oh the liquid crystal panel in the above-described 
embodiment) for driving the display region A (refer to Figures 1 and 3). 

[0072] The display information output source 291 comprises a meriiory 
comprising ROM (Read Only Memory), RAM (Random Access Memory), or the 
like, a storage unit comprising a magnetic recording disk, an optical recording 
disk, or the like, and a tuning circuit for synchronously outputting a digital image 
signal so that display information is supplied in the form of a predetermined format 
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image signal to the display information processing circuit 292 based on various 
clock signals produced by the timing generator 294. 

[0073] The display information processing circuit 292 comprises various 
known circuits such as a serial-parallel converter circuit, an amplifying-inverting 
circuit, a rotation circuit, a gamma correction circuit, a clamping circuit, and the 
like, for executing processing of input display information to supply the image 
information together with a clock signal CLK to the driving circuit 261 . The driving 
circuit 261 includes a scanning line driving circuit, a signal line driving circuit, and 
an inspection circuit. The power supply circuit 293 supplies a predetermined 
voltage to each of the above-described components. 

[0074] Figure 9 shows a cellular phone as an electronic apparatus 
according to an embodiment of the present invention. A cellular phone 1000 
comprises an operation section 1001 and a display section 1002. Also, a plurality 
of operation buttons is arranged on the front face of the operation section 1001 , a 
microphone is incorporated in a transmitting section. Furthermore, a speaker is 
disposed in a receiving section of the display section 1002. 

[0075] In the display section 1002, a circuit board 1100 is disposed in a 
case body, and the above-described liquid crystal panel 200 is mounted on the 
circuit board 1100. The display surface of the liquid crystal panel 200 disposed in 
the case body can be seen through a display window 200A. 

[0076] The electro-optic device and electronic apparatus of the'present 
invention are not limited to above-described embodiments shown in the dravyings, 
and, of course, various changes can be made in the scope of the gist of the 
present invention. For example, the electro-optic device of each of the above 
embodiments is a liquid crystal display device having a liquid crystal panel. 
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However, devices^using various electro-optic panels other than the liquid crystal 
panel, such as an inorganic electroluminescence device, an organic 
electroluminescence device, a plasma display device, a FED (field emission 
display) device, and the like can be used. Although each of the above 
embodiments concerns a liquid crystal panel having a so-called COG (chip on 
glass) structure in which an IC chip is mounted directly on at least one of the 
substrates, a COF (chip on film) structure in which a liquid crystal panel is 
connected to a flexible wiring board or TAB board having an IC chip mounted 
thereon may be used. 

[0077] Although, in each of the above embodiments, the reflective liquid 
crystal display device is described as an example, a transflective liquid crystal 
display device^ can be formed by providing an aperture for each pixel 200P (refer 
to Figure 2) of the reflective conductive layer. 

[0078] Advantages 

[0D79] As described above, in an electro-optic device of the present 
invention comprising a reflective conductive layer composed of silver or a silver 
alloy, the probability of a shape abnormality such as a hillock or the like in the 
reflective conductive layer can be decreased, 

[0080] The entire disclosure of Japanese Patent Application No. 2002- 
311053 filed October 25, 2002 is incorporated by reference. 
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